In a preliminary communication, one of us (Campbell, 1955) reported that the fall in intra-oculai pressure is synchronized with a considerable fall in the level of blood sodium and with the onset of diuresis and of increased electrolyte excretion.
We have investigated these changes more fully in individual patients in the hope of elucidating the relationship between the systemic and intra-ocular effects.
Experimental Procedure
In the present series of experiments we have followed the effects of a single dose of 250 mg. Diamox, by taking simultaneous records of intra-ocular pressure, of the amount and rate of diuresis, and of the variation of sodium and potassium in the blood and urine. , on intraocular pressure, serum sodium and potassium levels, and urinary sodium and potassium levels.
Each subject was investigated as an in-patient, in bed, in the Research Department, his or her co-operation and interest being secured by interview on admission.
Since our aim was to check the action of Diamox as used clinically, the patient was allowed routine hospital meals at specified hours. The diet was uniform and so chosen that its salt content did not exceed 44 mEq sodium in 24 hours, of which approximately 6 mEq was taken at breakfast, 10 at lunch, and 5 at tea. The water intake was strictly controlled with a view to maintaining the patient in a state of regular hydration. The same routine was followed for 3 days, breakfast of toast, butter, and marmalade, and 5 oz. water being given at 7 a.m., followed by 5 oz. water at each hour from 9 a.m. to 12 noon when lunch was served; 10 oz. very weak tea were allowed at 3 p.m. with a little bread and butter. The period of detailed observation ended at 5 p.m. During the evening and night the fluid intake was also controlled, but there was a variation of 100-200 ml. in the total consumption of fluid in individual subjects.
During the first and third days urine was collected at 6-hrly intervals, samples of blood and records of intra-ocular pressure being taken at 10 a.m. and 4 p.m. 2.-Effects of 250 mg. Diamox, in a subject with active glaucoma (Case 5), on intra-ocular pressure, serum sodium and potassium levels, and urinary sodium and potassium levels.
On the second day urine was collected for the period 6-10 a.m. A sample -of blood and the intra-ocular pressure were taken at a few minutes before 10 a.m., at which hour 250 mg. Diamox was given. Samples of blood and of urine, and intra-ocular pressure readings were taken at frequent intervals until 5 p.m. Methods of Estimation.-Sodium and potassium were estimated by the E.E.L. flame photometer, the error of estimation being ± 1 0 per cent.
Intra-ocular pressure was measured by a weighted Schi6tz tonometer which had been calibrated. Material.-Five normal subjects (Group C) and nine cases of glaucoma were investigated. The latter were divided into " active" (Group A), in which the initial intra-ocular pressure was over 26 mm. Hg, and " quiescent" (Group B), in which the pressure was above 26 mm. Hg on admission, but fell to this level or below after 2 days' rest in bed (Figs 1 and 2 ). T=Non-functioning trephined eye. I =Non-functioning eye after iridectomy.
group.bmj.com on June 22, 2017 -Published by http://bjo.bmj.com/ Downloaded from Results Intra-Ocular Pressure (Table I ).-The variations in intra-ocular pressure were closely alike in each pair of eyes, even when one of the pair was a trephined eye (Fig. 3) . There were considerable differences between individual subjects, but the average maximum fall observed in the 7-hr. period after Diamox (Fig. 4 This occurred within 3 to 4 hrs, and then the intra-ocular piessure began to rise. In the majority of glaucomatous subjects it did not regain its initial level for 20 to 24 hrs, whereas in normal subjects it did so in 7 to 8 hrs.
Five cases (1, 2, 7, 9, and 14) shewed a small initial rise in the first half-hour similar to that observed by Gloster and Perkins (1955) in the rabbit after the intravenous administration of Diamox. Serum Sodium (Table II) .-On the average results there was an immediate fall in the level of serum sodium which coincided for the first 2 hrs with the fall in intra-ocular pressure. In normal subjects and those with quiescent glaucoma, the serum sodium then shewed a rise followed by a secondary fall in 3 to 5 hrs (Fig. 4) . In the majority of cases of active glaucoma the serum sodium fell steadily for 7 hrs and remained below its initial level for about 30 hrs (Fig. 2) . One resistant case of quiescent glaucoma (Case 8) shewed virtually no initial fall in the level of serum sodium and a subsequent large rise; she excreted very little sodium or urine and had only a slight fall in intra-ocular pressure (Fig. 5, opposite) . The same phenomena were observed in an additional patient (Case 15) not included in the series, who became almost hysterical during the test (Fig. 6, opposite) . Serum Potassium (Table III ).-The changes iu serum potassium, although of much less significance osmotically, were neveitheless appreciable. In all but one subject there was an initial fall during the fi st 2 hrs in all three groups which%was usually followed by a rise. This rise was sustained up to the end of the 7-hr period in normal subjects and in quiescent glaucoma, but the active glaucoma cases shewed a fall in the last 2 hrs (Fig. 4) . was noticeably less and the fall in intra-ocular pressure was greater duiing this period than in the other two groups (Fig. 4) group.bmj.com on June 22, 2017 -Published by http://bjo.bmj.com/ Downloaded from (b) Output of Sodium and Potassium.-The excretion of these electrolytes was at a maximum during the second hour, the rate of excretion and total output in 7 hrs being less in glaucomatous subjects than in normals (Fig. 4) .
CHANGES IN
The true increase in excretion caused by Diamox over the " expected iate " can be shewn by deducting the output of the control day from that of the test day for the same time period (viz. 10 a.m. to 5 p.m.). A comparison of the cumulative excretion of urine and of electrolytes in the three groups of subjects shews that the increase in Na+ output is again noticeably lower in glaucomatous subjects throughout the test (Table IV) . Discussion Out results show that, whereas there is a variation in the degree of fall of intra-ocular pressure as between one subject and another after a single dose of Diamox, the response in each eye of any particular subject is remarkably alike, even when one eye had been trephined.
Although the maximum fall in intra-ocular pressure observed in active glaucoma is greater than in quiescent glaucoma or in normal subjects, the percentage fall is of the same order in all three groups. Furthermoie it coincides with the period of maximum increase in the urinary output of water and of electrolytes (Na+ and K+), and with a fall in the level of serum sodium.
These facts suggest that the fluctuations of intra-ocular pressure which occur may be an intrinsic part of the osmotic changes which affect the body as a whole, and that any speculation as to the mode of action of Diamox upon the eye should therefore allow for the systemic effects of the drug.
Our findings concerning the effect of Diamox on urinary excretion confirm those of Lepri and Andreani (1955) who observed a similar diuresis in both normal and glaucomatous patients, but are contrary to those of Leydhecker and Helferich (1955) who found that after a dose of Diamox the minimum intra-ocular pressure was reached before the onset of diuresis, the volume excreted after 750 mg. Diamox being only 100-150 ml. in the first 3 hrs.
In our cases, after 250 mg. Diamox, the least individual output was never less than 300 ml. during this period, the average for all the glaucomatous cases being 610 ml. as opposed to 721 ml. for normal subjects.
In several of our glaucoma subjects the fall in intra-ocular pressure was actually commensurate with the volume of urinary output.
In two cases of quiescent glaucoma a very small output of urine and of electrolytes was accompanied by a correspondingly small decrease in intraocular pressure, while this phenomenon was also seen in the hysterical subject (Case 15) , in whom antidiuretic factors arising from emotion may well have overcome the systemic effects of Diamox.
One might conclude from these observations that the loss of an appreciable volume of body fluid alone would account for a coincident fall in intra-ocular pressure,particularlyin view of the fact that the imbibition of a similar amount of water (now in use as a provocative test for glaucoma) will so readily promote a rise in intra-ocular pressure.
But Becker (1955) has shown that Diamox will still bring about a fall in intra-ocular pressure within 2 hrs in nephrectomized rabbits. Although the responses of such animals may not bear a close resemblance to those of human beings with normal renal function, his experiments suggest that the fall in intra-ocular pressure is not the direct outcome of increased uiinary output, but it may nevertheless be associated with changes in the distribution of fluid and of electrolytes within the body.
In the human subject on a controlled intake of water and sodium it is possible to gain some idea whether such changes occur by comparing the progressive alteration in composition of the blood and of the urine.
The blood may be considered to be an integral part of the extracellular fluid (E.C.F.) of the body. If the initial volume of E.C.F. is taken as l5L, its initial sodium content will be 15 x-the initial level of serum sodium. In any ensuing period (e.g. in 1 hr., 2 hrs, and 7 hrs) it is possible to estimate the resultant concentration of sodium in the E.C.F. by a calculation based on the actual intake and output of water and sodium during the period.
Two examples are given in Table V (overleaf), which shows that, whereas the estimated level of E.C.F. Na+ iemains remarkably constant, the level of serum Na+, as found by analysis by the flame photometer, shows a fall. This was the case in each individual subject, whether normal or glaucomatous. The degree of fall is outside the experimental error and is larger, in both normal and glaucomatous subjects, than any diurnal variation. It suggests that an alteration occurs in the E.C.F., which is due either to the loss of sodium, or more probably to the gain of water fiom the intracellular fluid.
